Current chemotherapeutic options for African trypanosomiasis in humans and livestock are very limited. In the present study, a total of 71 medicinal plant specimens from 60 plant species collected in Myanmar were screened for antitrypanosomal activity against trypomastigotes of Trypanosoma evansi and cytotoxicity against MRC-5 cells in vitro. The methanol extract of dried rootbark of Vitis repens showed the highest antitrypanosomal activity with IC 50 value of 8.6  1.5 g/ml and the highest selectivity index of 24.4. The extracts of Brucea javanica, Vitex arborea, Eucalyptus globulus and Jatropha podagrica had also remarkable activity with IC 50 values and selectivity indices in the range of 27.2-52.6 g/ml and 11.4-15.1 respectively. KEY WORDS: antitrypanosomal activity, Myanmar medicinal plants, Trypanosoma evansi, Vitis repens.
Tsetse-transmitted African trypanosomiasis, such as sleeping sickness in humans and nagana in cattle, are causing serious problems to human health and animal production in Africa. A wasting disease called surra by Trypanosoma evansi infection is not restricted to Africa and distributed worldwide, because the parasite is mechanically transmitted by blood-sucking insects such as Tabanus and Stomoxys species. T. evansi is pathogenic to a wide variety of animals, including equines, camels, cattle, buffaloes, goats, sheep, pigs, and dogs, causing great economic losses in livestock industries in Asia [3, 9] . However, current chemotherapeutic options for trypanosomiasis in humans and livestock are very limited and far from ideal. Existing trypanocidal drugs have to be administered by injection. The drugs have been associated with severe side-effects and ineffectiveness against drug resistant parasites. Therefore, research for developing of new drugs, which are safe, effective, cheap, easy-to-administer, and possess novel mechanism of action, is urgently needed [6, 7, 10] .
Myanmar is abundant plant resources and Myanmar peoples have inherited their own traditional medicine to maintain their health and treat various ailments including malaria, diarrhea and fever for over millennia of history [14] . Recently, we reported that quassinoids isolated from the fruits of an Asian medicinal plant, Brucea javanica, showed remarkable antibabesial and antitrypanosomal activities [2, 11, 16 ], suggesting a promise use of medicinal plant extracts for protozoan diseases in livestock. In the present study, the in vitro antitrypanosomal and cytotoxic activities of crude extracts of medicinal plants in Myanmar were evaluated.
A total of 55 fresh plant specimens from 45 plant species were collected at the National Herbal Park in Naypyitaw and the National Botanical Garden in Pyin-oo-lwin, Myanmar in January 2009 (Table 1) . Species identification was done by Mr. Hla Myint and Dr. Kyaw Kyaw Swe at each Institute. These fresh plants were cut into small pieces with scissors and preserved in 70% ethanol immediately after collection. Seven dry plant specimens from seven plant species were prepared at Pathein University after identification of the plant species. Nine dry plant specimens from nine plant species were obtained at Thein-gyi market in Yangon. Only Andrographis paniculata overlapped in both the fresh (stem and twigs with leaves) and dry (leaf and stem) samples.
Fresh plant specimens (15-30 g) were extracted with 40 ml of 70% ethanol for two weeks. Dry plant specimens (10-20 g), except the powder of Brucea javanica fruits, were also cut into small pieces. These dry samples were extracted with 40 ml of 70% methanol for 7 days at room temperature. The choice for use of ethanol for fresh sample extraction was due to the availability and low toxicity at the time of collecting plant samples. We used methanol for dry sample extraction because methanol was scored slightly higher than ethanol for the screening of antimicrobial components from plants [5] . The extracts were passed through a filter paper (Advantec Toyo Kaisha, Ltd., Tokyo, Japan) and concentrated in a rotary evaporator at 37C, yielding dried crude extracts in the range of 0.7-28.0% weight of the starting [2] . Trypomastigotes of bloodstream-form of Trypanosoma evansi (H3 strain, isolated from deer in Thailand) were used in this study. Each well contained plant extracts (1.9-1,000 g/ml) and 5  10 4 parasites/ml in 100 l of HMI-9 medium. Diminazene aceturate (Sigma, St. Louis, MO, U.S.A.) was used as a standard trypanocidal drug. Plates were incubated at 37C in 5% CO 2 in air for 72 hr. Six hours before the end of incubation, 10 l of Alamar Blue ® (TREK Diagnostic Systems, Cleveland, OH, U.S.A.) was added to the cultures, and absorbance at 570 and 600 nm was measured using a plate reader (SpectraMax M5-H, Molecular Devices, Sunnyvale, CA, U.S.A.). IC 50 (inhibitory concentration, 50%) value was calculated by computerized probit analysis. All tests were performed twice or three times, with each plant extract concentration in triplicate. Cytotoxicity assay against MRC-5 cells (human diploid lung fibroblast cell line, purchased from RIKEN Cell Bank, Tsukuba, Japan) was similarly carried out in 96-well culture plates containing a concentration of 2.5  10 4 cells/ml and plant extracts (concentrations of 3.9-1,000 g/ml) in 100 l of MEM medium (SAFC Biosciences, Lenexa, KS, U.S.A.) supplemented with 3% HEPES (Sigma) and 10% heat inactivated FBS (fetal bovine serum, Gibco, Carlsbad, CA, U.S.A.). After 6 days incubation at 37C in 5% CO 2 in air, 10 l Alamar Blue ® was added to each well for 6 hr, followed by colorimetric readings, and IC 50 values were calcu-lated as described above. The selectivity index (SI) was determined by dividing the IC 50 value for MRC-5 cells by the IC 50 value for trypanosomes.
The plant species name, plant part used, yield of extract, antitrypanosomal activity, cytotoxicity, SI value and traditional use of 71 plant materials from 60 plant species collected in Myanmar are summarized in Table 1 . When IC 50 values of plant extracts against T. evansi were <100 g/ml, cytotoxicity tests against MRC-5 cells were performed. Additionally, some other extracts showing IC 50 values of 100-200 g/ml were also examined for their cytotoxic activities. As far as we know, except for Brucea javanica, Andrographis paniculata and Plumbago zeylanica, these plant species were examined for their antiprotozoal activities for the first time. Antiprotozoal activities of medicinal plant crude extracts were classified into four categories, highly active (IC 50 10 g/ml), active (IC 50 >1050 g/ml), moderately active (IC 50 >50100 g/ml, and non-active (IC 50 >100 g/ml) [13] . When plant extracts showed SI10, these samples are considered to have good selectivity and will be considered for further bio-guided fractionation. According to these criteria, the dry plant extract from rootbark of Vitis repens Wight & Arn. (Vitaceae) showed high activity against T. evansi (IC 50 =8.6 g/ml) with good selectivity (SI=24.4). This plant species has been used for the treatment of ulcers, hepatitis/jaundice, and hypertension in Myanmar. The genus Vitis commonly contains various oligomers of resveratrol, such as vitisinols A-D, (+)--viniferin, (-) viniferal, ampelopsin C, miyabenol A, (+)-vitisin A, and (+)-vitisin C [8] . These compounds are of great interest in further investigation for the antiprotozoal activities. Brucea javanica (L.) Merr. is widely distributed throughout Asia, where the fruits have been used for various ailments, including cancer, amoebic dysentery, and malaria. Quassinoids isolated from this plant had inhibitory activity against not only Plasmodium falciparum [12] but also Babesia gibsoni in vitro [16] and in vivo [11] as well as against T. evansi in vitro [2] . In this study, crude extract from the fruits of B. javanica showed the second strongest activity against T. evansi (IC 50 =27.2  7.9 g/ml) and good selectivity (SI=11.4), confirming the previous studies. Further studies are required whether these extracts and quassinoids are also effective against T. brucei subspecies.
Vitex arborea Desf. (Verbenaceae) is a small to mediumsized evergreen tree distributed in Asia. In Myanmar, this plant is used for the treatment of fever and diarrhea. The methanol extract from leaf/stem of Vitex arborea showed IC 50 of 48.6  10.9 g/ml and SI of 15.1, but there are no reports of isolated compounds from this plant species. Jatropha podagrica (Euphorbiaceae) is a shrub commonly found in Africa, Asia, and Latin America. The major constituents of Jatropha species are diterpenoids, which have shown antibacterial activity [1] as well as leishmanicidal and trypanocidal activity [15] . Recently, it has been reported that one xanthone isolated from the roots of Andrographis paniculata showed good in vitro activity (IC 50 =4.6 g/ml) against T. brucei brucei [4] . The methanol extract from the leaves and stem of this plant species showed IC 50 value of 54.7  33.1 g/ml, but selectivity index was very low (SI=1) in this study.
In conclusion, the present study revealed that some medicinal plants in Myanmar may offer a potential use for the treatment of Trypanosoma evansi infection. Further studies including determination and purification of active compounds in these most promising plant extracts will be carried out.
